entiation of immature B cells (Matza et al., 2001 (Matza et al., , 2002 . al., 1999) and separated on Tricine gels to visualize low molecular weight fragments. Western blot analysis with To determine the mechanism by which this truncated Ii activates NF-B, we followed its localization in the cell. the IN1 antibody showed, besides the FL and 1-82 myc tagged proteins, small bands ( Figure 2D ). Antibody, diTo this end, GFP chimeras linked to the N (GFP 1-82) or C terminus (1-82 GFP) of 1-82 li were generated (Fig- rected against the Myc epitope, detected the FL and 1-82 Myc proteins but not the cytosolic fragments, further ures 1A and 1B). These constructs were transfected into HEK 293 cells, which do not express endogenous indicating that these fragments were generated by N-terminal proteolytic cleavage ( Figure 2D ). To further demIi or MHC II molecules. Moreover, Ii was previously shown to activate NF-B in these cells (Matza et al., onstrate that the cytosolic fragment indeed contains the cytosolic domain of Ii, we fused an Xpress epitope to 2001). As expected, since the cytosolic domain of Ii is known to contain targeting motifs for transport to the the N-terminal of FL Ii ( Figure 1B ). As shown in Figure  2E , the cytosolic bands were detected by both IN1 and endosomal compartment, the chimeric GFP fused to 1-82 lumenal domain (1-82 GFP) was localized in the anti-Xpress antibodies, indicating that these fragments do indeed represent a proteolytic product of the Ii cytoendosomes ( Figure 1C) . However, the reciprocal 1-82 chimera in which GFP is fused to its cytosolic domain solic domain. Moreover, Xpress FL transfected cells were fractionated and their membrane and cytosolic (GFP 1-82) was mostly distributed in the cytoplasm (Figure 1D) . To verify the nature of these compartments, fractions were separated. As can be seen in Figure 2F , while the FL Ii could be detected only in the membrane cells were transfected with the GFP full-length p31 Ii (GFP FL) construct. As can be seen in Figure 1E , this fraction, indicating a proper insertion of the chimeric protein to the membrane, in the cytosolic fraction only protein was mostly localized in the previously described endocytic compartments (Pieters et We hypothesized that the cleavage that releases the cytosolic domain of Ii occurs at this amino acid. To separation between the membrane and the cytosolic fractions revealed almost identical insertion of the three determine whether these amino acids may be important for both mouse and human Ii cleavage, we aligned their constructs to the membrane, while the released band was detected mostly in the cytosolic fraction ( Figure  sequences (Figure 3B ). Three leucines that were found identical in human and mouse at positions 42 to 44 were 2C). Since the released fragment appeared roughly as 37-40 kDa and the GFP protein was estimated in our mutated to alanines in the 1-82 constructs (GFP 1-82 LLL42-44AAA and 1-82 Myc LLL42-44AAA). Furthergels to run with an apparent molecular weight of about 33 kDa, the cytosolic fragment linked to the GFP was more, we identified in the Ii cytosolic domain a recently described RXXL motif, which serves as a degradation estimated to be roughly about 4-7 kDa in size.
To Figure 1B) were transfected into 293 cells. The proteins were extracted using the hot-SDS method Figure 3C , the 1-82 chimera and the two 1-82 mutated myc tagged proteins (1-82 myc SRG28-30AAA and 1-82 in order to preserve rapidly degraded proteins (Niwa et Myc LLL42-44AAA) were inserted properly in the memfied with hot-SDS. However, tagged epitopes conjugated to this fragment (like GFP or Xpress) slightly stabibranes and were detected mostly in the membrane fraction. However, the released band was hardly detected lize this fragment. The cleavage of the cytosolic fragments and accumuin the cytosolic fraction. We believe that the cytosolic fragment is labile and can be detected only when purilation of the released fragment was followed in lysates motif might have reduced this rapid degradation of the lyzed by Western blot using the IN1 antibody. As shown in Figure 5A , similarly to the 293 cells, Ii cytosolic fragcytosolic fragment and allowed its accumulation in the cells. ments were observed in primary B cells. In addition, primary B cells were pulse labeled and chased for various times. As can be seen in Figure 5B , the proteolytic
Cleavage of Invariant Chain Occurs in Primary B Cells
In an attempt to determine whether Ii is proteolytically fragment accumulated after 2 hr of chase. Thus, Ii is naturally cleaved in primary B cells. cleaved naturally in primary B cells, we followed the formation of the cytosolic fragments in these cells. ProTo demonstrate the localization and behavior of Ii in primary B cells, we transfected these cells with GFP teins from B splenocytes from C57BL/6 mouse were extracted by using the hot-SDS method and were anaconstructs of Ii, as described above ( Figure 1B) . As can Figure 7A , moved by rapid degradation, a process that is controlled where they differentiate to mature cells. This final maturation step is essential for the B cells to become responby the RXXL motif.
sive to antigen and to participate in the immune response.
Discussion
Here we followed the mechanism by which the Ii cytoplasmic domain regulates B cell maturation. Our studies The early stages of B cell development take place in the bone marrow, resulting in formation of immature B cells.
clearly show that the Ii cytoplasmic segment is released into the cytoplasm in transfected 293 cells and in primary From there these immature cells migrate to the spleen needle. The lysate was centrifuged at 1,000 ϫ g for 10 min to precipiFor all the plasmids constructed, the PCR products were analyzed tate the nuclei. The supernatant was further centrifuged at 100,000 ϫ by agarose electrophoresis to confirm correct size. The product g for 1 hr to obtain a cytosolic fraction and a membrane pellet. This was purified using Wizard PCR Preps (Promega), digested via pellet was resuspended in a high-salt buffer supplemented with BamHI (NEB) followed by EcoRI (Amersham Pharmacia Biotech), protease inhibitors and centrifuged at 100,000 ϫ g for 30 min to and ligated into the appropriate plasmid vector. obtain a washed membrane pellet, which was then solubilized in 10 Clones were subjected to automated DNA sequencing by stanmM Tris-HCl (pH 6.8), 0.1 M NaCl, and 1% (v/v) SDS. The cytosol dard protocols using an ABI377 machine (PE Biosystems). The full and the membrane fractions were supplemented with sample buffer sequence of all Ii inserts was verified with no errors in the sequence. and boiled for 20 min and equal parts of each fraction were subjected to immunoblot analysis. 
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